Background: People undergoing haemodialysis (HD) often have poor nutrition, which in turn can contribute to worse outcomes. Inadequate nutrition has a particularly deleterious effect on growth and neurocognitive development, as well as mortality, in children and adolescents. Nutritional supplementation can improve outcomes but can be difficult to administer. Objective: Determine the tolerability of intradialytic oral nutrition in children and adolescents. Design: A cross-sectional quality improvement study in an outpatient paediatric HD unit. Intervention was intradialytic oral nutritional supplementation provided as protein bars and/or meals. Subjects: Children and adolescents undergoing outpatient HD who were able to participate in surveys and eat by mouth. Measurements: Adverse effects and symptoms on nurse-and patient-reported surveys, respectively. Relationships between the predictor variables and the outcomes were assessed using generalised estimating equations. Results: The majority of children felt better after eating on dialysis (72%) with no adverse effects (80%). On unadjusted analyses and confirmed with generalised estimating equation modelling, children who reported being hungry felt better after eating on dialysis, despite being more likely to have adverse effects. Conclusion: The study demonstrates that our children and adolescents feel better after eating on HD with minimal adverse effects. The finding that hungry patients are more likely to feel better despite having a higher likelihood of an adverse effect demonstrates the tolerability of eating on HD. Intradialytic oral nutrition could be a safe and well-tolerated opportunity to provide supplemental nutrition to paediatric HD patients and improve outcomes.
INTRODUCTION
People who require haemodialysis (HD) frequently have a decreased nutritional status, contributing to poor patient outcomes (Fouque et al. 2007; Feroze et al. 2011) . Inadequate nutrition can have a critical effect on growth and neurocognitive development in children (Paglialonga & Edefonti 2009) . Enhanced nutrition can improve patient outcomes and quality of life (Scott et al. 2009; Lacson et al. 2012; Weiner et al. 2014) .
LITERATURE REVIEW
A review of the relevant literature occurred through an online search using PubMed
1
. The main search function was used to search for the key words 'paediatric', 'haemodialysis', and 'nutrition'. Searches occurred from November 2016 to March 2017.
Children and young people undergoing dialysis frequently require supplemental food to improve their nutritional status (Zioni 2007 ; KDOQI Clinical Practice Guideline for Nutrition in Children with CKD: 2008 Update 2009; Kaur & Davenport 2014) . Sufficient nutrition is difficult for paediatric patients to obtain. Providing additional food to patients while on HD could be an efficient and practical way to improve the nutritional state of children who require dialysis.
However opportunities to eat while on HD vary by region and centre (Christner & Riley 2008; Benner et al. 2012) . Historically, patients were not allowed to eat when having HD given the theoretical risks of adverse effects related to differential blood flow away from the splanchnic blood vessels, decreased dialysis efficiency, and an increased risk of choking/aspiration (Christner & Riley 2008; Kistler et al. 2014 Kistler et al. , 2015 . This is especially true in children on dialysis (Kaur & Davenport 2014) . However this clinical practice arose from anecdotal reports, and the actual prevalence of these adverse effects is quite low (Christner & Riley 2008; Kistler et al. 2015) . There are scant data regarding the safety and tolerability of intradialytic oral nutrition in children and young people, and paediatric clinical practice varies by centre. Our hypothesis was that children and young people are more likely than not to tolerate intradialytic oral nutrition. Our aims were to evaluate the development of adverse effects and self-reported patient outcomes after eating on HD.
METHODS

STUDY DESIGN
This was a cross-sectional quality improvement study of children undergoing HD at the paediatric outpatient HD unit of Lucile Packard Children's Hospital at Stanford, CA, USA.
Our unit on average dialyses 15 children with ages ranging from one year to teenagers and includes a variety of aetiologies of end stage renal disease such as IgA nephropathy, nephrotic syndrome, obstructive uropathy, and lupus nephritis. Patients who receive HD in the unit were eligible to participate and were included if they completed more than one survey. Exclusion criteria included inability to complete an electronic survey and contraindication to eat by mouth during HD.
The children and young people received intradialytic oral nutrition consisting of protein bars and/or food prepared through patient-oriented cooking projects, in keeping with prescribed renal dietary allowances. Examples of prepared food included pies, sandwich wraps, trail mix, and pizza. They received HD per standard of care and were monitored per institutional protocol. The local Institutional Review Board exempted the study due to its quality improvement design, so written informed consent and assent was not required.
DATA COLLECTION
All data were collected via pre-dialysis and post-dialysis patient surveys administered to each child, and post-dialysis surveys completed by dialysis nurses. Each child was assigned a unique, de-identified study number. Due to the quality improvement study design with a small sample size at a single institution, no demographic information was collected in the surveys.
Each child recorded which meals they ate prior to HD (breakfast, lunch, snack, or did not eat) and when the most recent meal was (<1 hour, 1-2 hours, or >2 hours prior to HD). They noted if they were hungry before HD. After eating on HD, the children and young people reported if they feel better, the same or worse. The dialysis nurses recorded if an adverse effect, defined as hypotension, nausea or cramping, was experienced and when the adverse effect occurred (HD hours 1-4).
STATISTICAL ANALYSES
Survey results were summarised with frequency distributions for categorical variables and median with interquartile range [IQR] for continuous variables. Between-group differences were analysed with McNemar's exact test given the correlated nature of the data, as each patient completed multiple surveys. The predictor variables included all meals eaten prior to dialysis, timing of the most recent meal, and whether the child is hungry before dialysis. The primary outcome measure was development of an adverse effect (hypotension, nausea, or cramping) recorded on the post-HD nurse survey. The secondary outcome measure was a child's self-reported status on the post-HD survey (feel better, feel the same or feel worse). Generalised estimating equation modelling with a logit link function was used to assess the relationships between the predictors and the outcome measures. Predictors were retained in the model if they remained significant at the p < 0.05 level. Statistical analyses were completed using Enterprise Guide software, Version 7.11 of the SAS System for Windows (SAS Institute Inc., Cary, NC, USA).
RESULTS
Eight children and young people consecutively completed the study for a total of 93 HD sessions and a median of 12.5 surveys per patient [IQR 8.0, 15.0] . The majority of patient surveys (90%) reported eating at least one meal before each dialysis session, with breakfast (60%) being the most common meal (Table 1) . Most patient surveys (68%) noted eating 1 or more hours prior to dialysis, and half (52%) stated they were hungry before dialysis.
The majority of HD sessions (80%) had no nurse-reported adverse effects (Figure 1 ). Hypotension and cramping were the most commonly-experienced adverse effects (8% each). Seventy-four percent of adverse effects occurred during the 3rd hour of dialysis. Pre-HD factors associated with having an adverse effect included feeling hungry (68% vs 47%, p <0.001), eating breakfast (63% vs 59%, p <0.001), and eating !1 hour prior to HD (79% vs 66%, p <0.001), according to bivariate analyses. Only 2 % of patient surveys reported feeling worse after eating on HD; all children that reported feeling worse also experienced adverse effects. The majority of the patient (72%) reported feeling better after eating on HD, and the likelihood of feeling better did not vary by having an adverse effect (Figure 2 ). Eating breakfast (100% vs 59%, p <0.001) was associated with feeling worse by bivariate analysis.
Multivariable modelling with generalised estimating equations revealed that feeling hungry before HD was associated with the outcome measures (Table 2) . Children who felt hungry before HD were more likely to feel better after eating on HD (OR 4.58, 95% CI 1.5 to 13.92, p ¼ 0.007), after controlling for eating lunch before HD. This was despite the fact that those children who felt hungry were more likely to have an adverse effect (2.42, 1.0 to 5.87, p ¼ 0.05).
Adverse effect 19 (20%)
No adverse effect 74 (80%) 
DISCUSSION
The children and young patients in our study tolerate intradialytic oral nutrition without clinically-significant adverse effects. Seventy-two percent of patients reported feeling better after eating, while only 2% report feeling worse. The most significant factor associated with feeling better after eating on HD is feeling hungry before HD. This was despite the fact that there was a trend to feeling hungry being associated with having an adverse effect. This finding demonstrates that the adverse effects experienced in our study were well tolerated by our children and our young people and did not preclude the utilisation of intradialytic oral nutrition.
The reasons for the association between hunger and having an adverse effect are unclear but could be due in part to a child eating a larger amount of food when they are hungry, eating particular foods, or not drinking enough fluid before dialysis (Jansen et al. 1990; Puvi-Rajasingham & Mathias 1996; Luciano et al. 2010) . This association could be mitigated by providing standardised intradialytic oral nutrition or educating patients on what food to eat before HD. Eating on HD is safe in our population and offers an avenue to provide supplemental nutrition to improve patient outcomes and quality of life.
Hypotension and cramping are the most commonly-reported adverse effects in our study (8% for each), but their clinical significance is quite low, which is consistent with the literature (Benaroia & Iliescu 2008; Weiner et al. 2014) . As HD has become more efficient with more rapid solute and volume removal, hypotension has become more common, and thought in part to be caused by a postprandial fall in systemic vascular resistance (Sherman et al. 1988; Blagg 2007) . Eating on HD was therefore commonly stopped, especially in centres in the United States. Recently, because of the nutritional benefits and low rate of complications, HD centres are increasingly allowing patients to eat during dialysis (Benner et al. 2016) . Intradialytic oral nutrition has been shown to improve nutritional markers and outcomes despite adverse effects like hypotension and cramping, including amino acid delivery to muscle, a higher quality of life, and improved mortality (Pupim et al. 2006; Vilay & Mueller 2013; Weiner et al. 2014) . Indeed, intradialytic oral nutrition administration is becoming a routine and first-choice option for patients who have protein-energy wasting (Kalantar-Zadeh & Ikizler 2013).
Poor growth is an independent risk factor of death in children and young people undergoing dialysis (Furth et al. 2002; Wong et al. 2000) . Therefore, this group stand to benefit the most from a maximised nutritional state. Data are lacking regarding intradialytic oral nutritional supplementation in these patients, who are especially at risk of malnutrition (Kopple 1999; Kaur & Davenport 2014) . Many studies have investigated the use of intradialytic parenteral nutrition, wherein adverse effects such as emesis are uncommon (Krause et al. 2002) . The present study demonstrates that children undergoing HD feel better with intradialytic oral nutrition with minimal and clinically-insignificant adverse effects, supporting the burgeoning use of routine oral intradialytic nutrition to improve patients' nutritional status and clinical outcomes (Kalantar-Zadeh & Ikizler 2013) . Our findings are consistent with a recent study in adults on HD that employed a similar study design and found a minimal effect of mealtime on intradialytic hypotension and no nausea or emesis (Borzou et al. 2016) . If there is concern for hypotension, the authors suggested that a patient could eat early in the HD treatment to lessen the impact of hypotension. This is consistent with our finding that most adverse effects occur in the third hour of HD.
STRENGTHS AND LIMITATIONS OF OUR STUDY
The strengths of our study include the cross-sectional design, the paediatric population, a large sample of patient surveys, and both nurse-reported and patient-reported outcomes. Limitations of our study include patients from a single centre, lack of randomisation with a control group, no standardised or qualitative approach to how food is provided, a lack of measurable nutritional status markers, no demographic or clinical information, and inability to control for potentially-confounding factors. While our patient sample size is small and thus may reduce the ability to generalise our findings, it is representative of a typical large paediatric HD unit.
IMPLICATIONS FOR PRACTICE
Providing meal service in outpatient HD units has the potential to improve the nutritional state of children on HD by ensuring adequate access to a free, nutritionally-balanced meal within the restrictions of a renal diet three to four times a week. Intradialytic meals also promote an improved nutritional state by discouraging skipping meals and by providing opportunities for ongoing nutritional education with children and their families.
CONCLUSION
The study demonstrates that our children and young people feel better after eating on HD with minimal adverse effects. The finding that hungry patients are more likely to feel better despite having a higher likelihood of an adverse effect, demonstrates the tolerability of eating whilst undergoing HD.
CONFLICT OF INTEREST
No conflict of interest has been declared by the authors.
AUTHOR CONTRIBUTIONS
AMS: Principal Project Leader, participated in design and coordination, analysed and interpreted the data, helped to draft manuscript, and read and approved the final manuscript. BF: Participated in coordination, helped interpret the data, helped to draft manuscript, and read and approved the final manuscript. SMS: Participated in the interpretation of the data, helped to draft manuscript, and read and approved the final manuscript. CJW: Conceived study, participated in design and coordination, helped to interpret the data, helped to draft manuscript, and read and approved the final manuscript.
